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Matrix metalloproteinase degradation of extracellular matrix: 
biological consequences 

Steven D Shapiro 



Targeted mutagenesis has allowed investigators io perform 
controlled e*ponm»nis in mammals and determina The . 
contribution of individual proteins io physiologic and 
pathologic processes. Recent lessons teamed from main* 
metalloproteinase gene Targeted mice ana! other in wVo 
observations hawc givsn new life to old concept? regarding ihe 
role of proteolytic fragments of extracellular nwi* proteins in . 
regulating a variety ot critical processes in coB Otology. 
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Abbreviations 

a (KsmTos r, n a/id metajfoprak-mas^ dorian 
adenomatous polyposis coli 
apfitipoproTain £ 
axracellMlar rriairi* 
LcwiO lung cell oorpnoma 
matrix metailQproWfna&Q 
pnosphoyijrceroi kinase 
tissue inhibitor of rrmtailoprotcmuscra 

Twrnoi necrosis facusf O 

lissue-tjpe plasminogen ac voters 
ufoKinase-iypo pia*m>nagan sctmieu; 



ARC 
ApaE 

LLC 
*MP 

P6* 
TIUP 

TNF 
i-PA 

u-PA 



Introduction 

Matrix meralloproccinases (MMP*.) comprise a family of 
extracellular matrix degrading cazymcs (Tabic i) that 
arc believed co play pivnul roles in embryonic develop- 
ment and ^roV'tJi as well a> in tissue remodeling and 
repair. Excessive or inappropriate expression of MMPs 
may contribute ro the pathogenesis nf rosily c*ssuc- 
dcstruccivc processes, including highly prevalent 
dise^ci suub a» ^nhriCiS, multiple sclcrn,s»5 T and cooth 
decay, is well as the leading cgusei of death m devel- 
oped countries ca renovascular disease V-*tncr<j»cirfO:!i:s 
plaque rupture and aneurysm foimacion). tumor progres- 
sion, and cruonic obstructive pulmonary disease'. A 
scar-ctTicnt such ±» thi» m usually found at th-c beginning 
ot M-VIP-relatcd papers (and of course gr»m applica- 
tions — simpN insert di*c^oc of inheres t) wrjttcn by 
chose of l»s wtth 3 'mctalloccnt^ic , view of the world [1*]- 
13 ut judgment day is approaching. With tne advene of 
targeted mutagenesis, one can perform controlled exper- 
iments in mammals co test thecic hypotheses. Moreover 
because mcsc important diseases can potentially be 
attributable co the a coon of XlVtPs, effective synthetic 
MMP inhibitor are bem* developed ^nd arc rapidly 
approaching clinical txUU [I'.Z] 



Targeted mutagenesis of MMPs 

Over trie past couple of years, many of the MMPs have 
undergone gene-targe twig experiments (Table 2) The 
power of gene tarfce&ng was best summarized by Piagen. 
who stated, "one invariable lesson of biological rcn-car^n 
hus been the difficulty, virtual impoaiibjliry, of reliably 
predicting the properties of intact argamsm* from the 
properties of tb«=ir constituent tissues, cells anu! mole- 
cules. Thus, hypotheses need to be couHimcd in intact, 
complex biological org^ni^m^ not prokaryorc* or lower 
cukaryotcs, but. mammals [3].' 1 One must, of course, tec- 
ogniae the limitations of cheic experiment*. Fust, loss ot 
a prqtein from the blastocyst Stage on^^rd might alter 
complex biolugicaj prices-sea, Ic^ng to what is com- 
monly referred fo as compensation. Second, because of 
gene redundancy, mutation of a gene may not unmasic 
the true biolugical function of the protein it encode*. 
Third, mice arc not humans; hence, dircw translacjon of 
results to human biology requires knowledge of biologi- 
cal aimilamics and differences between these 
species [4). 

Wnen interpreting cIjh from ^enc-targecing experi- 
ments one must also be aware of potent*! attain 
differences and- the possibility of "neighborhood knock- 
out* effects. This term refers to inhibited expression or 
?enes physically linked to die turret gene, and is proba- 
bly relaied co the retention of the phojphp^lyccrol 
kinase (PCK) proo>oter used to diive .selecwblc markers 
[5] This is a pertinent concern because several MMP 
gene* (eollagonases, stromeJysiiis. macrilysin, «mi 
macrophage e|«ist»»e} arc cloacly linked on human ehio- 
moiotnc llq22 and mouse chramofontc 9, Wich tUc^c 
cavcat-s m mind^ whtu have MMP-mutsnr mite told u> 
ubuut the biological consequences of \IMP-mcdiaccd 
extracellular m.itnjs (£CM) degradation 1 

Physio logical processes 

MMPs, aiuallv undetreiabl= m cell? uiidcj i!or;n.il o:- 
cumstanccs arc prom»nenc[y cjcpur^icd during n *-arxsty qi 
biolu^ieal processes, such ^s reproduecon On the mater- 
nal side, MMP q^prcs^on is issociarcd with menitruation, 
ovulation, u teniae unplan cation, paxtuntion. znd po^rpai- 
tum uterine and 1 mammary gUnd involution 16]. l r rom tnc 
offsprings perspective, MMP> arc believed to be required 
for trophobh^t implantation, embryonic growth, anfl tissue 
morphogenesis. Yet, none of tho individual MMP-mutant 
mice generated to date have had an cmoryonic lethal phc- 
notypc. Mice der»cient in gelatinise B 
demonstrate morph logic abnArmalir-ies at Cfie site of 
implantation, bvt these defects are nor icxiwl. All MMP- 
Jcficicni mice ro date arc capable of delivering and 

nurturing healthy pups. 
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RuUfnmtf 
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Nop*rn&infc protQins 


MMP-l 
MMP-B 
MMP-13 

MMP-3 

MMP-7 
MMP-l 2 


||1^1>{t/-UI; VII. X 
l>1ll>Ii;[7 vii, x) 

II >t, III. GLfVll. XI 
and icfopcpffdase 


FN. LIS, EN. PG 
-t/- FN. UN, EN, PG 
+/- FN. LN. EN, PG 

FN. IN, £N. PG. PS coi IV 
FN. t-N. EN, PG. PS col IV 

FN. LN, EN, PG 
FN, UN, EN, PG, PS col IV 


t/- 
+ 


L-»|ecvn a a 
dwestrate fDf coliayenascs 

EGF-iiKe aiowin Tacipr vio 

plasminogen are 
Swpsiraies for siromelysin** 

SiromoJy»<n'l4e qnzymos are mose 
patent ai concerting plasminogen 
to angfoatatm 4/>a oogmdmg a, AT 


Getatjrwses 

MMP-2 

MMP-9 


eu. i. vii, x. xi 


col iWY FN, LN. EN. PG, PS 
col |v/V, FN, LN. EN. PG, PS 


TT 




Fiirin^Baogfirtion sites 

MMp-ir 

MMP-145 
MMP-1S 

- MMP-ie 


i-y- 1 > in. ii 
? 

7 


FN. LN, EN. PG 
FN, LN, EN, PG 






Nowiv described 

Enamofcsin 


Gu (s/netpgenin) 




7 


7 



"Note mis bac ie inherently incomplete, reprosont>ng only selected 
swbslrattje tested \° date. Th«e substrate* guide ponopua) biqlo^cal 
funcnors. bui ihe actual /n #»Vp s^ostra-.es arc unknown. ^MMF-i 0 h« 
:ha same substrate specffi&ues as MMP»3 but is iass potent "Hwrnan 



•jrwyrrto nor ca[nljt«ca)ty active lo ^no**n £CM component. ^S^lupio 
recoiTibin^nJ pfQlcm **w rwted- AT, a } anptn/twn. EN. enwevn; 
FN. fibrpneciin. GL. gelatin; collV/V. types |v *na w cpiiagen), UN. 
la/rnmp; PG. protsagljreaA. PS pol IV. pap*,r»iz*rd Type IV college*. 



Post-natal development 

The major defect in MMF-9~'~-dcf.cicnt W*cc is Relayed 
long bnac growth and develuprnent [7'], Lon* bones 
develop from mesenchymal condensations where carti- 
lage cells differencials and deposit a cartilage matrix. 
Blood vessels irt>*dc and degrade the cartilage matrix, 
and cartilage colli undergo ^popcobii followed by prolif- 
eration of osteoblasts and endochondral ossifies ti cm, 
which converts the ti^uq inco m&Parc bone In 
mice, there is delayed vascular invasion ut 
growth places, resulting m an cxccistveiv wide ?onc of 
Uvpcrttopli.c ca^tila^c and dcUvcd unification MMP y \* 
required to inmate primary anpogencsis in (he cartilage 
growth plate, probably chrowgh generation of an angio- 
genic signal tor perhaps degradation of an an^iogenesia 
inhibitor). Lnrcrcacm^ly, the mechanism of this pheno- 
cypc may not involve degrada&on of a structural «jr 
adhryivc matrix protein. 

While cUia phenotype is rnarttpd during growth, if one 
were merely tu study adwlw only a 1Q% sb rrening in the 
Ions b nes would be appreciated- This is nor meant to 
diminish the import4ncc of thja finding but, richer, it 
emphasizes chat until careful analyses of all MXtJ^-^-micc 



are performed cunelu5vons regarding rhc rule of inOivid- 
uj! MMPj In growrh and development premature. 
The overall minimal phenotypea gbserved to cUi.e rn^y be 
due to redundancy, iafeguardjng tlio host from untoward 
consequences pf individual MMP mutations. Ccnerarion 
of doubly and multiply MMP deficient mice may be 
required to unmask full MMP function. Aire* natively, 
MMPi may nut be needed for grossly normal develop- 
ment and growth in the ir\bujc. 

MMP-9 dcman:>Ei:»Eci.! in rhc m«cu(.|ivmc ufcmbrv*- 
omc kidneys, and br-inchin^ murphogenesi^ or aictcric 
buds wii spcciUc:illy b lucked in mctaneplwic organ cul- 
ture by anriiera to MMP-9 tout not by IgC antibodies to 
MMP-z IB] . No a-bnormalKicd were fuund upon ansilyaW 
of neonatal aid »<Me mice by light 

microscopy or immunofluorescence for basement mem- 
branc proteins, however, and renal function io aduH 
mice was normal [9J. It is not clear whether *he discrep- 
ancies beewcea these srudic* result from differences in 
^cijdy design, in vivo versus 9/9 vitro studies, or whether 
antibody experimcnti overesamatc the consequences of 
gene inactjvacion while gene knockout experiments 
undercut] rn^tc them. 
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pnenatyyea of MW*-defic2eni and rtlaffgg null mutant m?ce- 

m:p© r«mii 



Reference 



MMP* deficient 
Geiai'mase A lMMP-2) 

SifOfneiyem-1 (WWP-3) 
NAamlyoin 

GeUiinase E (MMP-9) 

StrOm»(>£.n 3 tMMP-1 1) 
Macropnvgc eiasrase 
IMMP-1S) 

Related null mutants 
T1MFM 

ppinT mutation 
(c leakage site, m 
lype I collagen) 
u-PA 



Unaltered secreiiop pt ($-amy|oid precursor proicin 
Reduced angio9»tfi<?sia «nd Iwrngr prosreesion 
No *Tf*cT on collagen-induced artfunre 
pecreaseu; .mestmal tumofiganosuf 
ImpftireO primary angiogenics in bono growtfi plates 
Rt5,sTi*nT to fcmllous pemphigoid 
D^craaoad c^erniCQl-inducrO /»miag«n»aiH. 
Impaired macrophaGc proieotyait 

Impausd macrophage itrcrwrtmenc and protection from cio^irtrr»*Brnofce-ind*cgd amppjfScrn? 

(.oss of TlMP-1 m transformed cell lines can eltfter polenTiaTa or svippnaaa 1raq*»nc> gf wmor in*as»on 
MiWKecj durmal fibrosis 
Impatred port panwrn w^nra involution 

HMP-1 3 N^vlopapt^o clci^age account* for Cane resoipuon Curing embryonic and early adult tfe 
Unable ip acri^r* pro-MMps 

On Apo£-'- |asc«grDvjnd. projected from athera&clerQK macrophage mnitrMion and m«craaricvryjirn tarmauc-n 



[40] 

[21] 
[50] 
[22-1 
17'] 
[41] 
[23-] 
[141 
[37-) 

[26J 
151 1 



C13-] 



Pathological processes 

Cardiovascular disease 

Atherosclerosis is a chronic inflammatory process whereby 
ulgc|ucs are formed in the inrimal layer of the vessel t*&H as 
a result of accumulation of ECM, smooth muscle veils, ind 
lipid-Udcn macrophages. In humqns, coronary orrery 
plagues may become unstable and rupture, uififierins 
intravascular thrombosis leading to myocardial infarction* 
The 4Chet "sclerotic vessel wail may also dilate a* * result 
of destruction of the medial clasric lamina, leading to 
•aneurysm form-jtmn and rupture of the wcuKcncd vessel 
wall Recently, plasminogen activator* and several MMPs 
have been detected in association wifh human athcroiclc- 
roric arteries [10] and abdonunai sortie aneurysms [Ml 

M;cc with a targeted disiupiinn of the apolipoprotcin £ 
(ApnE) gene have a delated elcsr^n^e oncoproteins fiom 
the blood. When mice arc fed a Western d*ct scram cho- 
lesterol lcvcli reach HOO-2000 ing/dL and fairy srrcaki 
progressing to fibrous plaques develop at branch puincs of 
major vessels. The formation of these lesion- 4 associated 
with macrophage rccruitmenc causing disruption of the 
rncdial clastic lamina tnd microaneurysm fnrma;*un 
Complex |caiou> plague mpturc and nemurrrv.t^e 

have vet to be observed for any model pt :ithcryscierosis »n 
the mouse (tor 3 review see [12]). 

To investigate the rule «f plaMnmogcn activators (rjssuc- 
typc plasminogen derivators [t-PAl «»d umkinase-typc 
plasminogen aeti^aiois lu-PAj). Carmclcil and collea»Lie3 
(J 3"! crowd Apo£ w ' mice with u-PA^- or e^PA+- mice. 
ApoE-^ > u-PA"^" mice, but not ApqF-"''" or Apo£-'- x i- 
PA" y " mice, were protected from rnacrophagc-mcduiccd 
destruction of medial elastic laimna and microaneurysm 
format>on- Maerophagea lined up nlung clastic Um»na bat 
they did not penctrace or disrupt these matrix srrucwrcs. 
Because the ability uf m*CTOph-*ge* to degrade and migrate 



rliroa^h cUsdn Is more likely due to macro pn'-igc clause 
(MMP-12) [14] rhan co non-cl^sioiyg- pUarnin, tlicse find- 
ings suggest chaCpkwrnin may att^atc MMJ? pru-enjtymos, 
an old rjypothesis nor previously demonstrated r» trve. 
Tndccd, in the abseiwrc of u-PA, macrophages were unable 
to convert raaqirpplug* pro-MMP^ {MMP -3, MMP-9, 
MMP-12, and MMP-Ui into their wive forms m a reeon- 
stitutca system H3"J. 

In contrast, in thic human >itxomely«»irt-l (MMP-3) prpmot- 
ei. a genetic polymorphism which causes diminUhed 
5tromclysm-l expression i> j^iociatcd witU enhanced pro- 
sreiijon u£ atherosclerosis [l^]- To$,echcr chcac and other 
scud^f suggest chat MMP* miti'dlly mainiiin p-.ttency of 
rhc :ithcro>clerocic ^a^eplar Limcn at the ris^ of subse- 
quent plaque rupture 

Cancer 

MM Pi are bcUcycd to promote Cu/n»r progression by iniu- 
acing c^jcinoficncsis, enhancing tump* anagenesis, 
disrupting IqcuI prf^uc architecture to aHo>v junior -ro^ th, 
4nd breaking do* w n basement membrane barriers for 
metastatic ftpTc.id -16,171. While some MMPs. such as 
matrdy^in tNtMP-") coIb^enasc-3 (M\tP-l3), 2nd ufcen 
gebtmase A (MMX^-Z), jrc cAprcbiccl ta> tumors eclb 
tncmaelves. MMPs are predominantly produced by sur- 
rounding tiost soTonuii and inflammatory cells in response 
to factors relented by rum«rs [1 7, \ 8*] XlMPs may Chen 
bind to tumor cell* and angiogenic cndorhelial cclh, 
advancing rumor progression. For example, MMP-2 bind* 
through its carboxy«terminal domain to avp3 inecgrin on 
melanoma cells »nd anj^io^cnic blood vessels, enhancing 
tumor growth Auualytic processing of MMp-2 vitn 
release of the carboxy-terminal d mam competes with cell 
surface binding of the enryme, inhibiting angia^enesis and 
tumor growth [20*l. Consistent wirh these result^ MMP- 
2-*- hojx mivc cjthibir. impa^^d primary tumor growth and 
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decreased experiment metastases of JJ16-BL6 melanoma 
and Lewis lung cell carcinQm-1 (LLC) celts [21], 

Mstrilysin (MMP-7) ts expressed by tumor cells derived 
from gastrointestinal epithelium, including diosc ***** arise 
spontaneously in mice with the Adenomatous polyposis 
coll (APC) multiple latcstinal neoplasia mutation APO**. 
MMP-7"'" * AfC™ mice ha* delayed tumor development 
[2?'], Similarly, jsrromcly>in-3 deficient (MMP-U - ' - ) mice 
demons united impaired tumor formation in response to 
chemical mutagenesis l23'|. These 3tuU»cs confirm a roje 
tur M.MPs in carcinogenesis Potentially, ectopic cypres- - 
sion of these proteinases \in combination with another 
mutation) m*y release cells from KCM-mcdiated cell cycle 
arrest. Alternatively, proteinases may release growth or 
angiogcnesis factor promoting tumorigenesis 

While overotprcspion of tissue inhibitors of mcw.|lopnj- 
cciaascs (TlXffa), cither in transgenic mice or by gene 
transfer can decrease rumor progression in animal models 
[24,25], it ha* been difficult co demonstrate that lack of 
T7MP-J m tumor or host consistently enhances tumor 
growth 126). Perhaps expression of TIMPs 2—* compen- 
sate for loss TXMP-1 expression in these models, 

While MMps commonly facilitate tumor progression, pro- 
teolytic cleavage products of MMPs may inhibit 
angiogenesis, limiting tumor progression. This fust 
apparent with the isolation of angiosottln fiom the urine of 
mice wuh LLC cells 127}- Angip*utin. a plasminogen 
cleavage product containing Urmglc domains 1-4, inhibits 
chcjocitcliil ce-Il piolifcrarion and is believed co be respon- 
sible for mair»cain;r^ LLC Jung mcuswscs in a dormanc 
state [27). 

Generation of angio^catm in primary LLC tumors correlat- 
ed with the presence of rTu^roprv«gc* anfl inociophagc 
ck^t^e l-MMP-Uj 123J. The importance of MMP-1Z in 
limiting lung metastasis growth i*i the LLC model has 
been confirmed by use of m*ce rendered deficient in 
macrophage clastasc cMMP-iZ - '-) by gene rargciin:: CJL 
Cnsolano and SO Shapiro, unpublished data). Prcl«Timary 
studies sxjgacsv, however, that local expression of MMP-12 
ia macrophages surrounding the accomlarv lung rnetas- 
ci>ci limits >rnvVth. m pare through generation mi 
ungipswm- This ctf cct rruy also uc related lo MMP-Z pre- 
ceding by MMP-12 or other mechanism*. 

Savcial other MMPs arc aLo ^pablc of gciieratinc imfiio- 
statin and other antiangiogenic fragments of plasminogen 
[29,30]. The Hringle 5 domain dv icself appears to have the 
greatest capacity to inhibit endothelial cell proliferation 
[31]. Serine proteinases, including plasmin, in association 
wiili an. extracellular reductase that reduves aioulSde 
bonds in plasrmn, also trigger generation of angi srup 
13?\33], In addition to angipitaun, other proteolytic frag- 
ments, most prominently endost*cin (a 20 kDa 
carboxy-tcrntin*l fragment qf type XV'lll collagen), effec- 



tively inhibit tumpr autogenesis 134"] In face treatment 
of several tumors in mice v*ich endostacin resulted Ui pro- 
longed tumor dotmarwy [35*]. 

Thus, proteinase* may benefit c,hc host or tnc tumor 
depending upon spatial expression, proteolytic capacity, 
and binding 'affinity Tor matrix and tumor cells. 
Nevertheless, hydfoXamates, which 4rc MMP zinc-chelat- 
ing agents, *fe effective in inhibiting grouch of several 
primary rumors and metastases io animal mode J 5 
including LLC [361- The ability of these compounds ru 
inhibit growth otf neoplasms suggests that tumors use 
MMP* more effectively than the host; when all die MMPs 
a/e inhibited the host has the advantage. MMP inhibition 
cqmbined with anr-i-anfiiogemc agents, »uch as angioscatin. 
endos^un, or avp3 integral, might prove optimal in clini- 
cal treatment of particular rumors. 

Pulmonary emphysema 

A major component of chronic obstructive pulinoasuy dis- 
ease is destruction and enlargement of peripheral 
airspaces of rhe lung, Chronic exposure ia cigarette smoke 
exposure leads co inflammatory cell recruitment and acti- 
vation wirh rclcisc </f elastics. In excess of inhibitors. 
ECM degradation coupled with abnormal repair results in 
lung destruction ch^rdcfcrwtic of emphysema. The serine 
proicihasc neutrophil cia>tase is responsible for emphyse- 
ma in patients with 3 genetic deficiency of its inhibitor 
Oj-antitrypsin. a relatively uncommon form of the disease; 
however, the contribution of ncurrophil ctnscase to the 
more common emphysema associated w*th cigarette 
smoking n controversial- It i> possible th'^t other neu- 
trophil proteinases or enzymes from the more abundant 
macrophages conwmutc ro lung damage ^>sociated with 
proivnged ei-g^rette smoKing 

Long-term exposure of ^tld-typc (MMP-l2"' T ) mice tu 
cigarette smoke led to inflammatory rccrvmmcnt fol- 
lowed by nlveoUr space enlargement -similjr cu the 
pathologic defect in humans. M*cc deficient in 
macrophage elastase (MMP-12"'"), however ^vcre y(n- 
tcctcd from dc-clopmcuc of emphysema despite heavy 
Inng-teim exposure to smoRc. Surprisingly, MMP-12"'" 
mice also ruled to rccr^ic mnnocyre> mto chc*r lun»s m 
response m w*garcctc smoKc [37" J . Because MMP-12 antl 
most other MM Pa ^ only cxpicsscd upou diTTcicnna- 
ciou of monocytes to macnjph4^cs. ir :ip^c-rc0 ^niiUcly 
that monocytes require MMP-12 for Er,m=. vascular migra- 
tion. More likely, cigarette smoke induces constitutive 
macrophages, which arc present in lungs of 
mice, to produce MM*M2 that in turn cleaves clastm : 
thereby generating fragments chpmotact f c for monocytes 
iJP Pftigc and SD Shapiro, unpublished data). This posi- 
tive feedback loop ^outU perpetuate m^rophagu 
ucirumuUiion and lung descruction. The concept that 
proteolytically generated elastin fragments mediate 
monocyte chemotastis was first sbown more man * 
decade ago [3&-^0j. 
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ECM-mcdwred cefl migration. ta) Keratinacyic 
mtsrafian during normal ^fOund he^i.ng. 
Expos*** of fsefaunocyr w u mienstiwJ 
cait«gpn m urn provraonaj matrix leads to nigh 
affinity Binding (arrows) at q?pi imegnr io 
collagen. Th« iiwd* to «pf«»on of MMP- 1 . 
whicn degrees collagen and trees the coll id 
migrate, periape ueioq mn<*r receptors 
tp.rei«$). a2p1 pindinfl to co|lafl<n at The 
fn.graiiog front 'pulls' the celt fan-wos leading 
to rvop.Tnglialuaqon (atjaplad from [l'J). 
(p) Epnhcliwrrrdsnved tumor cell rmgr-auon- 
Tumor cells [Itghfly shaded] express MMP-2 
(or undue© uiromaJ cell* to produce it), «-hien 
dorados the basemen I membrane t^iggiy 
lines), exposing cryptic fr^monxs of iaminm 
and collagen «-hich are only eaposed upon 
degradation (diamonds)- These pina to celt 
rtccapvor«s l^idipg to miQraTiOn pefn^fW 
related to iniegnn-mediaied signaling leading 
ip eytoatetetal changes coining ecu 
muvemenr. knS, Ummirt 5, 



Gemini Opv»*n .n Cell B*>ki(j> 



Bullous pemphigoid 

The autoimmune subepidermal blistering dise*se 
known a* bullous pemphigoid is characterized by depo- 
sition of autoantibodies at chc basement rncmVrane 
zone. In an e*j>crirncntu( model of this disease in mice, 
the blistering i? rnodi*ccii by «nciboJic6 directed against 
chc bcrniJom^omM protein BP 180 (collagen XVI(), 
and depcods on complement activation and neutrophil 
infiltration- In contrast co wild-type licteauates, MMP- 
9~'~ mice were icsiscatu co the blistering cfjewts in this 
model despite deposition of Autoantibodies and neu- 
trophil recruitment equivalent to chat s~cn m wild-type 
mice l^Jl. Whether MMP-9 directly causes blistering or 
augments neutrophil cl-jst^se activity t>y degrading a T - 
untivfyp^m is currently unknown 

Bjaactivity of ECM fragments 

pTQieoUtically generated ECM (aod non^ECM) fragments 
have lon^ bcc*i thought to regulate a diverge array ox 
processes In cell biology The impoitanec of this mode of 
t emulation has been a recurrent theme m rhe recent in vtiw 
studtci pfcicnccci here, plasinm mediate^ VI MP accniiuon. 
pl^$ri|inngen lVag»ncruji ^an^nstaon nnd other Urmglc 
domains) and mitogen XViti fragment* (en/iostacm) inhib- 
it neovascularization, while MMP-9 induces autogenesis. 
cUsdn ffagnscnts may regulate monocyte recruitment in 
ch runic uiflamrnatKin. 

Overexprcssion of swornclysin-J (MXIP-3) in mammary 
glands of transgenic mice apt only cpnfirme4 the expected 
role of MMPs in mammary gland branching morphogenesis. 
Put unexpectedly demunatfaxed an dddjuorul role \\\ rcgu- 
laring po5t-pamim mammary gland invulunon [42], A scries 
of subsequent iWOics demons ted fjwt cell contact with 
correct o>»uc urchitceturc is crucial for cell homeostasis, 



suppression of apoptosjs 1 and miinceDauca of aiffcrcpriatcd 
pnenorype (see N Bnudreau and MJ Bjssell, pp 640^6^6). 

It Was aJ.vo rccei^dy recognized tfait cleavage of rhe Umirun- 
5 -y2 chain by gclanna^c A (MMP-2) exposed a cryptic site 
wirhin Lirninin.: inducing rnigracion of mulignani prcasc 
cpirhclol cells [43*]. ThU" smdy s»*figesr5 dvat local pro- 
teinase concentration may determine cell behavior, 
Vropcolysis is requited to initiate *nd i^stain migration, but 
excessive proceqlysis may degrade matrix si^naU and recep- 
tors, thereby disrupting cell matrix interactions and 
inhibiting miip'aTion \V\. With respect to epithelial cell 
migration in nOf«i\al wound healing, Parks and co-\wt*rkcr> 
l^4'J hypothe»izcd that interaction of kcr^tinocycc a2$\ 
incc^rin *«ich native type I collagen ui a pro^isionat wuund 
matrix induces collagcnaic-l CMMP-H expression. By cleav- 
ing collagen, the irupal ru&h ^affuiicy cpntact \* loosened, 
releasing the cell, which then migrates co "graft' high atTnaicv 
a2$\ integriu bpnJs with undigested collagen ahead m the 
open vvuund (Figure 1)^ indeed, kctaCmocytc^ can nti^iatc 
on native collagen but not on a collagcnasc-rciuranc collagen 
matrix 145"J. SirntUrly, in fiUrOblascS, tplndui^ of |ibroncci>it 
ftigments (duc not niwct f*bror\ect*n) to i*S(Ji iutc^rm sig- 
nals activator protcin-1 tAP-l)-me^isted induction of 
MMP-1 synthesis [46] . Thus* ECM provides an important 
mechanism, for . cells to communicate with their external 
environment. When cells are hi contact with their appropri- 
ate, intact ECM they axe cjujc scene (or at lca*u perform their 
normal functioru); however, cell contact wiqi inappropriate, 
altered, or disrupted ECM sets in motion a vaiiety of sign*! 
trajisducciop pathways and gene transcription resulting in 
many ccuular responses witn chc goal tissue repair [47"]. 

In aUdiuon to MMPs. closely related mctalloprotcin^ses 
termed ADAMs ta disintegrin and metalluprotcinasc 
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domain) arc well positiuncd on the eeN surface to release 
Ok shed* a variety of important inflammatory ceil media- 
tor* (ecc RA Black *no JK White, pp &S4-659). Earlier it 
was discovered th« hydroxamic acid MMP inhibitors pre- 
vented release of latent tumor necrosis factor « (.TNFj 
from monocyte surface*, and subsequently the gene 
encoding chc responsible proteinase, TACE (TNf cun*cr- 
lase), qr ADAM-lS, ws> cloned- MesalJoproceinaSc* »Uo 
rnediatc shedding of I_-se|ecr/m, 1 1. -6. Fa*. TNF receptor, 
and a variety of oilier TNF receptor supcrfimily member? 
Additionally, ftiguificunc stores of matrix bound irunafojin- 
\nz fiiowtri factor {J may also be prurcolyricaUy released by 
piasm'm and perhaps MMPs [46]. 

Conclusion and future prospects 

VVhy arc there so inajjy MMPs? Overlapping but distinct 
substrate specificities and cell-specific expression suggest 
poicnrially unique functions, hut clearly q variety of MMPs 
are expressed during development, perhaps to compensate 
for potential )o»s of an individual MMp. This diversity 
would explain why the phenocypes of MMP-rou?anr mice 
have been so mild w«a rejpeer to Uevcjopmenc and other 
physiologic processes Alternative-!}. MMPs may have a pri- 
mary function in repair and defease, and in mature tissues, 
rather than 4 requisite funerioa in morphogcac»U. Further 
developmental smUyses and imcc w»th multiple MMP defi- 
ciencies will help address this issue. In contrast, aberrant or 
excessive expression of individual MMPs causes certain 
destructive diseases Consequently, it has been easier to 
show chat Uclction of specie, nbnormally expressed MMPs 
prcveru* disease onset, Crcatcr understanding of similari- 
ties between humans and mice will guide rational medical 
therapy in die future. Gene-targeted mice will help inves- 
tigators flissect molecular pathways and further define the 
role of proteolytic ECM (and non-£CM) cleavage pi-oducts 
v regulators of gene transcription, rfngioficnesis, cell migra- 
tion. inf]q.mm^ciun, and cell. cycle control. independent of 
tran^lationa] research aspeccs. 
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